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The zebrafish Danio reiro is a powerful vertebrate model system to
study developmentally regulated processes, such as the formation of
the vascular tree. The vascular system of the zebrafish embryo forms
by a combination of vasculogenic andangiogenic processes, mirroring
the early vascular development of humans. Moreover, most of the
genes currently known to act during embryonic vascular develop-
ment are highly conserved invertebrates. Zebrafish embryos develop
externally, are optically transparent, and are produced in large
clutches. All these advantages can be exploited to carry out genetic
screens to look for mutants with defects in early stages of vascular
development. We conducted an ENU mutagenesis to identify
vascular-specific mutants in an F3 genetic screen. To facilitate the
screening process, we used a stable germline transgenic, fli1-EGFPy1,
that expresses enhanced green fluorescent protein in endothelial
cells in vivo under the control of the fli1 promoter. The robust
expression of EGFP in the vascular endothelium enabled us to screen
visually for blood vessel patterning defects and changes in vasculo-
genesis at 4days post-fertilization. We have found many newmutants
with phenotypes that include vascular patterning defects, ectopic
vessels, missing vessels, and vascular shunts. Genetic mapping and
identification of the genes responsible for the mutant phenotypes
will lead to increased understanding of the formation of the human
vasculature as well as on the pathogenesis of numerous cardiovas-
cular diseases.
doi:10.1016/j.ydbio.2009.05.400
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Voltage-gated calcium channels (VGCCs) are oligomeric com-
plexes composed of pore-forming CACNA subunits and several
auxiliary proteins. Auxiliary CACNB subunits regulate VGCC electro-
physiology and chaperone CACNA subunits to the cell membrane. In
humans, mutations in CACNA subunits are associated with congenital
cardiac arrhythmia, but the developmental functions of the CACNB
subunits are poorly understood. To determine the contributions of
CACNB2 to cardiac development, we depleted zebrafish embryos of
CACNB2 transcripts using morpholinos. CACNB2 morphant heart
fields contained fewer cells expressing cardiac markers, suggesting
that fewer cardiomyocytes were specified, or diminished survival.
Cell proliferation at later stages did not compensate for this
deficiency; heart tubes in morphants contained 30 fewer cardiomyo-
cytes at 48hpf, as looping and chamber morphogenesis progressed.
Moreover, morphant heart tubes fragmented easily when placed
under pressure, suggesting that cardiomyocyte adhesion was wea-
kened. Previous work showed that mutations in CACNA that
inactivate cardiac VGCCs lead to atrial fibrillation. In contrast, heart
rhythm was normal in CACNB2 morphants, suggesting that other
CACNB proteins may compensate for the depletion, providing intact
VGCC activity. We are currently assaying whether CACNB2 pheno-
types are mediated by loss of VGCC function, or by loss of other
CACNB2:partner interactions. The latter possibility is intriguing in
light of recent data suggesting that CACNBs, as MAGUK-family
proteins, may interact with multiple protein partners via their SH3
or guanylate kinase domains.
doi:10.1016/j.ydbio.2009.05.401
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The Nodal signaling pathway plays a conserved role in establish-
ing differences between the left and right sides of all vertebrate
embryos. This initial patterning along the leftright axis is required for
the subsequent asymmetric positioning and morphogenesis of the
visceral organs. Recent work has increased our understanding of
these events; however, the mechanisms by which asymmetric
expression of Nodals and other TGFbeta signals instruct the move-
ments of cells and tissues remain largely unidentified. We are using
zebrafish cardiac development as a model to investigate the
requirements for TGFbeta signaling in directing asymmetric morpho-
genesis. We have found that the laterality of Nodal signaling
influences the first asymmetry evident in the heart; a left-directed
migration of myocardial cells within the cardiac cone. These cell
movements subsequently determine the direction of cardiac jog.
Interestingly, in studying embryos of different genotypes with the
common phenotype of absent Nodal signaling, we have found that
jogging laterality defects are significantly different from one genetic
class of embryos to another. These results suggest that specific
components of the Nodal signaling pathway may play distinct and
different roles in cardiac laterality determination. Further investiga-
tion of the specific requirements for these pathway components will
hopefully provide new insights into how TGFbeta signaling is
regulated and integrated within the heart to promote consistent
asymmetries in myocardial cell migration and overall cardiac late-
rality determination.
doi:10.1016/j.ydbio.2009.05.402
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Tbx5, a T-box transcription factor, is required for cardiac
development. Mutations of Tbx5 lead to HoltOram Syndrome (HOS)
in humans. As in HOS, mutation of zebrafish tbx5 affects both heart
and forelimb structures. Homozygous tbx5/heartstrings (hst) exhibit
bradycardia, failure of the heart tube to loop, cardiac edema and
absence of pectoral fins. Here, we investigate the effects of tbx5
mutation on 1) cell proliferation in the developing heart tube, 2)
volumetric growth of cardiomyocytes, and 3) chamber morphology,
especially during heart tube stages. Previous tbx5 overexpression
studies in chick and mouse demonstrated that Tbx5 provides a
growth arrest signal that limits cardiomyocyte proliferation during
chamber morphogenesis stages. In the converse experiment we find
that loss-of-function mutation of zebrafish tbx5 did not lead to
increased cardiomyocyte number, with no net effect on cell
proliferation of heart tube cardiomyocytes at 48 or 72h post-
fertilization. We hypothesize that inability of the hst heart tube to
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